INTRODUCTION
============

Atherosclerotic events were previously believed to be the primary driver of morbidity and mortality in patients with type 2 diabetes (T2D); however, recent evidence suggests that heart failure is now a predominant cardiovascular outcome that is at least as common as ischemic events \[[@R1]\]. The burden of an increased risk of hospitalization for heart failure appears to be present across the spectrum of clinical states in patients with T2D \[[@R2],[@R3]\]. Furthermore, death from heart failure forms a significant burden of cause-specific cardiovascular death among patients with T2D and established atherosclerotic cardiovascular disease (ASCVD) \[[@R4]\]. Despite the burden of heart failure morbidity and mortality among patients with T2D, until recently, heart failure as an outcome of interest has been ignored \[[@R5]\]. Heart failure has traditionally been overlooked as an outcome of interest among patients in antihyperglycemic therapy trials \[[@R5],[@R6]\]. The 2008 US Food and Drug Administration (FDA) guidance, which mandated that sponsors must demonstrate cardiovascular safety of antihyperglycemic therapies, did not provide any comment on assessment of heart failure safety \[[@R7],[@R8]\]. The emergence of heart failure as an outcome of interest arose when the dipeptidyl peptidase-4 (DPP-4) inhibitors saxagliptin and alogliptin \[[@R9],[@R10]\] demonstrated an increased risk of hospitalizations for heart failure. The FDA has issued a warning across the entire DPP-4 inhibitor class on the risk of heart failure on the basis of data from the SAVOR-TIMI 53 (saxagliptin) and EXAMINE (alogliptin) trials. Furthermore, recent trials involving the sodium-glucose cotransporter-2 (SGLT-2) inhibitors empagliflozin \[[@R11]\], canagliflozin \[[@R12]\], and dapagliflozin \[[@R13]\] have demonstrated a reduction in the risk of heart failure outcomes among patients with T2D who have established cardiovascular disease (CVD) or are at high cardiovascular risk.

While our understanding of the relationship between diabetes and heart failure expands, there is emerging interest in using antihyperglycemic therapies to prevent heart failure. A meta-analysis of the EMPA-REG OUTCOME (empagliflozin), CANVAS (canagliflozin), and DECLARE--TIMI 58 (dapagliflozin) trials demonstrated that SGLT-2 inhibitors reduced the risk of hospitalization for heart failure in patients with ASCVD \[hazard ratio, 0.71 (95% confidence interval (CI), 0.62--0.82)\] and without ASCVD but with multiple cardiovascular risk factors \[hazard ratio, 0.64 (95% CI, 0.48--0.85)\] \[[@R14]^▪▪^\]. Empagliflozin is associated with a reduction in the risk of postacute rehospitalization for heart failure and cardiovascular events \[[@R15]\]. The benefit of SGLT-2 inhibitors with regard to reductions in the risk of cardiovascular death or hospitalization for heart failure is seen across the spectrum of renal function, with a similar magnitude of risk reduction among those with an estimated glomerular filtration rate (eGFR) of 30 to less than 60, 60--90, or more than 90 ml/min/1.73 m^2^\[[@R16],[@R17]\]. Data from the CREDENCE trial, which enrolled patients with T2D with albuminuric kidney disease \[eGFR 30--90 ml/min/1.73 m^2^ and albumin-to-creatinine (ACR) ratio \>300--5000 mg/g\], demonstrated that canagliflozin, versus placebo, reduced the risk of hospitalization for heart failure \[hazard ratio, 0.61 (95% CI, 0.47--0.80); *P* \< 0.001\] \[[@R18]\]. There are multiple potential mechanistic explanations for the benefit of SGLT-2 inhibitors including improvement in ventricular loading conditions due to reduction in preload (arising from natriuresis and osmotic diuresis), afterload reduction (improvement in blood pressure), improvement in cardiac metabolism and bioenergetics, reduction of necrosis and cardiac fibrosis, and alteration in adipokines, cytokine production, and epicardial adipose tissue mass \[[@R19]\].

While trials have highlighted the potential use of SGLT-2 inhibitors in preventing hospitalization for heart failure, there is growing need for clinicians to have a pragmatic approach in identifying patients at high risk of de novo heart failure among patients without baseline heart failure or established ASCVD. Identification of patients with T2D at risk of heart failure represents a strategy to potentially target therapies such as SGLT-2 inhibitors to those who may maximally benefit. To address this emerging clinical need, this review focuses on the framework for hospitalization for de novo heart failure. This framework focuses on describing readily available diabetes-specific, cardiovascular-specific, and noncardiovascular-specific risk factors that can identify patients at high risk for future heart failure, thereby warranting consideration of additional investigations and therapies such as SGLT-2 inhibitors. 
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DIABETES-SPECIFIC RISK FACTORS
==============================

Diabetes confers a two-fold increased risk of heart failure development, which substantially increases among patients with comorbid coronary artery disease \[[@R20]\]. Advances in our understanding of the pathophysiology of T2D have resulted in an emerging model of why patients with T2D are at increased risk of heart failure outcomes \[[@R21]\]. Diabetes-specific risk factors such as chronic hyperglycemia, insulin resistance, mitochondrial dysfunction, abnormal calcium handling, autonomic dysfunction, abnormal extracellular matrix remodeling, and enhanced renin--angiotensin--aldosterone system dysfunction are mechanisms inherent to patients with diabetes that potentially increase the risk of heart failure development \[[@R21]--[@R23]\].

There are several diabetes-specific variables readily identified in the outpatient setting that can aid healthcare providers in stratifying patients with T2D by risk of future heart failure. The presence of albuminuria, another easily obtainable clinical measure, is significantly associated with an increased risk of heart failure. In the Heart Outcomes Prevention Evaluation Study, after adjustment, a urine ACR more than 17.7 mg/g was associated with a significant increase in the relative risk of hospitalization for heart failure \[3.23 (95% CI, 2.54--4.10)\] \[[@R24]\]. Furthermore, each 3.5-mg/g increase in ACR increased the risk of hospitalization for heart failure by 10.6% (95% CI, 8.4--13.0%) \[[@R24]\].

Depending on local practice patterns, the use of various antihyperglycemic therapies is associated with an increased risk of heart failure. Insulin use is associated with an increased risk of future heart failure events and may be used as a marker to identify a patient who requires further heart failure risk stratification \[[@R23],[@R25]\]. Among 8063 patients with T2D without heart failure in the Kaiser Permanente Northwest diabetes registry, insulin added to an initial antihyperglycemic agent, when compared with the addition of a sulfonylurea, was associated with a 2.33-fold increased risk of de novo heart failure \[[@R26]\]; the risk of heart failure associated with insulin initiation was 2.66-fold greater than that with metformin. The thiazolidinediones rosiglitazone and pioglitazone have both been associated with an increased risk of heart failure \[[@R27]\]. The Rosiglitazone Evaluated for Cardiovascular Outcomes in Oral Agent Combination Therapy for Type 2 Diabetes trial demonstrated that rosiglitazone was associated with an increased risk of hospitalization for heart failure \[hazard ratio, 2.6 (95% CI, 1.1--4.1); *P* = 0.001\]. Similarly, the Prospective Pioglitazone Clinical trial in Macrovascular Events trial demonstrated an increase in the risk of hospitalization for heart failure with pioglitazone \[hazard ratio, 1.41 (95% CI, 1.10--1.80); *P* = 0.007\]. Sulfonylurea use may also be a marker of an increased risk of future hospitalizations for heart failure; in a retrospective observational study of 1243 general practices in England, sulfonylurea use, compared with metformin use, was associated with a 43% increased risk of heart failure \[adjusted hazard ratio, 1.43 (95% CI, 1.30--1.57)\] \[[@R28]\]. The DPP-4 inhibitor saxagliptin, versus placebo, demonstrated an increased risk of hospitalization for heart failure among patients with T2D at high risk of cardiovascular outcomes \[hazard ratio, 1.27 (95% CI, 1.07--1.52); *P* = 0.007\] \[[@R29]\]. The DPP-4 inhibitor alogliptin, versus placebo, demonstrated a nonsignificant increase in the risk of hospitalization for heart failure \[hazard ratio, 1.19 (95% CI, 0.90--1.58)\] \[[@R30],[@R31]\]. Neither linagliptin nor sitagliptin demonstrated an increased risk of hospitalization for heart failure \[[@R32],[@R33]\]. However, the FDA has now indicated a labeling change on all DPP-4 inhibitors to indicate a potential increase in the risk of heart failure events \[[@R34]--[@R36]\].

Other diabetes-specific clinical variables may provide prognostic information regarding risk of future heart failure events. Duration of diabetes is associated with an increased risk of a composite of cardiovascular outcomes, including heart failure. In a cohort of patients from the Framingham Heart Study, for each 10-year increase in the duration of diabetes, patients had a 25% numerical increase in the risk of cardiovascular events, including hospitalization for heart failure \[multivariable adjusted hazard ratio, 1.25 (95% CI, 0.99--1.57)\] \[[@R37]\]. Glycemic control also provides prognostic information regarding risk of heart failure. The UK Prospective Diabetes Study demonstrated a 16% reduction in the risk of heart failure associated with a 1% reduction in glycated hemoglobin, thereby highlighting that patients with nonoptimal glycemic control have an increased risk of heart failure events \[[@R38]\]. In the EMPA-REG OUTCOME trial, the presence of any microvascular disease (including neuropathy, retinopathy, and nephropathy) was associated with an increased risk of hospitalization for heart failure \[hazard ratio, 1.63 (95% CI, 1.06--2.49); *P* = 0.025\] \[[@R39]\].

CARDIOVASCULAR RISK FACTORS
===========================

In addition to diabetes-specific risk factors, traditional cardiovascular risk factors also increase the risk of heart failure among patients with T2D \[[@R21],[@R40]\]. The role of hypertension in the development of heart failure with preserved ejection fraction and heart failure with reduced ejection fraction has been well established among patients with and without diabetes \[[@R41]\]. In addition, obesity also appears to be associated with an increasing risk of de novo heart failure. Among individuals without heart failure in the Framingham Heart Study, in adjusted models, there was an 8% increased risk of heart failure development per 1% increase in BMI among women \[hazard ratio, 1.08 (95% CI, 1.06--1.11)\] and a 7% increase among men \[hazard ratio, 1.07 (95% CI, 1.04--1.11)\] \[[@R42]\]. A history of myocardial infarction was independently associated with all-cause death and cardiovascular death in patients with established ASCVD \[[@R4],[@R40]\]. Current consensus guidelines already recommend the use of SGLT-2 inhibitors or glucagon-like peptide-1 receptor agonists among these patients to reduce the risk of future heart failure outcomes \[[@R43]\]. While the evidence among patients with T2D is not as well established, the presence of atrial fibrillation is also associated with an increased risk of heart failure \[[@R44]\].

NONCARDIOVASCULAR RISK FACTORS
==============================

Noncardiovascular risk factors are often overlooked as a means to stratify patients for future heart failure risk. However, there are several readily available clinical variables that may identify patients at risk for heart failure. Age is a well established variable for heart failure development \[[@R45]\]. While not specific to patients with T2D obstructive sleep apnea has also been demonstrated to increase the risk of de novo heart failure. In the prospective Sleep Heart Health Study, obstructive sleep apnea predicted de novo heart failure in men \[per 10-U increase in apnea--hypopnea index; hazard ratio, 1.13 (95% CI, 1.02--1.26)\]; furthermore, men with apnea--hypopnea index at least 30 were 58% more likely to develop heart failure than those with apnea--hypopnea index less than 5 \[[@R46]\]. While treatment of the underlying sleep apnea should occur per practice guidelines, the presence of obstructive sleep apnea among patients with T2D may identify a patient at higher risk of developing heart failure.

RISK STRATIFICATION FOR INCIDENT HEART FAILURE AND PRIMARY PREVENTION OF HEART FAILURE
======================================================================================

Trials evaluating the cardiovascular safety of SGLT-2 inhibitors have identified among patients with established CVD or cardiovascular risk factors that SGLT-2 inhibitors are associated with a reduced risk of heart failure events \[[@R11],[@R12],[@R13]\]. Additional trials evaluating the efficacy of these therapies in patients with established heart failure are underway \[ClinicalTrials.gov identifiers: NCT03057977 (EMPEROR-Reduced), NCT03057951 (EMPEROR-Preserved), NCT03036124 (DAPA-HF), and NCT03619213 (DELIVER)\]. Heart failure prevention among patients with T2D represents an important public health strategy. While underlying medical conditions should be managed per practice guidelines, these conditions can be used to identify patients who may be at higher risk of heart failure (Fig. [1](#F1){ref-type="fig"}). If patients are receiving DPP-4 inhibitors (saxagliptin and alogliptin) or thiazolidinediones, healthcare providers may consider discontinuing these therapies if there are concerns of increased risk of heart failure. Once these risk factors are identified among patients with T2D without baseline heart failure or ASCVD, we recommend measurement of natriuretic peptides \[ideally N-terminal probrain natriuretic peptide (NTproBNP)\] to further stratify for future risk of incident heart failure. Patients with T2D without CVD and with increased NTproBNP (\>125 pg/ml) are at higher risk of incident heart failure and will benefit from intensified multidisciplinary team management and treatment with renin--angiotensin system antagonists and beta-blockers \[[@R47]\]. Using an even lower natriuretic peptide cutoff to identify patients at increased risk of incident heart failure may stratify by risk patients who may benefit from therapies to prevent heart failure such as SGLT-2 inhibitors. In the Natriuretic Peptides Studies Collaboration among 95 617 patients without baseline CVD, an NTproBNP more than 50 pg/ml was associated with an increased risk of incident heart failure \[[@R48]\]. We would recommend considering initiating an SGLT-2 inhibitor in patients with an NTproBNP at least 50 pg/ml to prevent de novo heart failure. Using NTproBNP to identify patients who may benefit from initiation of SGLT-2 inhibitors, while not included in current clinical practice guidelines, represents one potential approach for the primary prevention of heart failure. If the NTproBNP is at least 125 pg/ml, we recommend further screening with an echocardiogram to determine any underlying structural heart disease as recommended by consensus guidelines (Fig. [1](#F1){ref-type="fig"}) \[[@R40],[@R49]--[@R51]\]. If patients have an NTproBNP less than 50 pg/ml, clinicians can continue to monitor but may consider SGLT-2 inhibitors if concerns for de novo heart failure emerge. Patients with a low NTproBNP may indeed receive benefit from SGLT-2 inhibitors regarding reduced risk of de novo heart failure, but more data will be needed.
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CONCLUSION
==========

In this review, we described some of the routinely available clinical parameters that can aid in identifying patients who may have an increased risk of future heart failure (Fig. [1](#F1){ref-type="fig"}). While we have not derived these variables as a part of a validated model, the consistency of these variables suggesting a higher risk of heart failure across the literature encourages their use to stratify patients by risk in routine practice. Referring such patients to clinicians with expertise in managing the cardiovascular complications of diabetes may also aid in optimizing therapies to reduce future cardiovascular risk. Given the burden of heart failure among patients with T2D, strategies to easily identify those at risk for heart failure remain a critical first step to reduce the high burden of heart failure morbidity and mortality.
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